The complete list of electroweak chiral Lagrangian for W ′ , Z ′ and a neutral light higgs with symmetry SU (2) 1 ⊗ SU (2) 2 ⊗ U (1) is provided. The bosonic part is accurate up to order of p 4 , the matter part involving various fermions representation arrangements includes dimension three Yukawa type and dimension four gauge type operators. The universal mixings and masses of gauge boson and fermion are given. Constraints from mass differences for
. This is true even when it is a composite particle like the charged techni-ρ in technicolor theories [18] or a Kaluza-Klein mode in theories where the W boson propagates in extra dimensions [19] . The minimal rank one non-abelian gauge group is SU (2) . Besides W ′± , the group SU(2) demands the existence of extra neutral gauge boson Z ′ . W ′± and Z ′ together form a consistent minimal non-abelian SU(2) gauge group.
This gauge group must be completely spontaneously broken to give W ′± , Z ′ masses through
Higgs mechanism. The breaking mechanism is not known yet which depends on detail of the model. We can exploit nonlinear realization of the symmetry to avoid touching upon the details of the breaking mechanism. This is the SU(2) chiral Lagrangian for W ′± , Z ′ and three corresponding Goldstone bosons.
Now the new generation hadron collider LHC is going to run and people are eager expecting the discovery of the new particles. Once the first new particle shows its signature in the collider experiment and its spin and parity are evaluated out, the following work is to check whether it belongs to any of exiting models. In general, for each kind of possible new particle, there are many candidate models predicting it and waiting for experiment to check. It is also possible that the real model our nature chosen is not presented in this candidate's list.
To examine which kind of model this new particle belongs to and its interactions with those already discovered particles, we need a phenomenological theory which must be such general as to include various underlying discovered and undiscovered candidate models and cover all of its possible phenomenologies. We call this phenomenological theory the electroweak chiral Lagrangian (EWCL) for the new particle which include this new particle and all those already discovered particles. The symmetry realization of this EWCL should at least include SU(2) L ⊗ U(1) Y plus some new part from the new particle. On the platform of this EWCL, on the one hand, we can perform model independent phenomenological investigation of the new particle and fix the corresponding parameters in EWCL from experiments, on the other hand, we can compute the parameters of EWCL from concrete underlying models. Through comparison between parameters from experiments and that from underlying model, we hope the correct underlying model can be figured out.
In this paper, we are interested in a situation that except discovered particles in SM, the lowest new particles which are expected to show up in upcoming collider experiments are W ′± and Z ′ . According to discussions above, to describe the corresponding physics phenomenologically, we are lead to set up a EWCL for W ′± , Z ′ and the symmetry realization of the theory will be generalized from original SU(2) L ⊗ U(1) Y to SU(2) 1 ⊗ SU(2) 2 ⊗ U(1) for which one SU(2) is for W ′± and Z ′ and remaining ones are for SM electro-weak gauge bosons W ± , Z, A. Naive extension of conventional unitarity analysis shows that this
Lagrangian will violate unitarity in TeV energy region [20] , and adding in theory a neutral
Higgs with mass below TeV will kill the disaster. To keep our theory being unitary at TeV energy region, we will further include in our theory a neutral Higgs. Thus our EWCL for W ′± , Z ′ now will include those already discovered particles, a neutral Higgs, W ′± , Z ′ and corresponding Goldstone bosons. In fact, without W ′± , Z ′ and corresponding Goldstone bosons, the EWCL only for a neutral Higgs boson was already written down in Ref. [21] which was a generalization of original standard EWCL [22, 23, 24] by adding a singlet Higgs field to the theory. Now our EWCL can be seen as a further extension of this generalized EWCL to include in theory W ′± , Z ′ and corresponding Goldstone bosons. In this work,
we are especially interested in the case that the mass of W ′± is lighter or roughly same as that of Z ′ . Since if the mass of Z ′ is much lighter than that of W ′± , the phenomenological interest will be changed to physics for lighter Z ′ . The heavier W ′± then can be integrated out theoretically and we are led to EWCL purely for Z ′ and neutral Higgs boson. This EWCL was already discussed by us in another paper [25] in which Z ′ can be either an element of SU(2) triplet or a remnant of some other underlying dynamics which has nothing to do with W ′ and can not be covered in our present theory. It is shown in Ref. [25] that EWCL for Z ′ is equivalent to an extended Stueckelberg mechanism for U(1) gauge boson.
From the point of view of Stueckelberg mechanism, our present EWCL for W ′ and Z ′ can be further seen as SU (2) non-abelian generalization of previous extended U(1) abelian Stueckelberg mechanism. Due to the passive roles of neutral Higgs and Z ′ , in this work we focus our attentions mainly on W ′ and related physics. For physics related to W ′ , the strongest low energy phenomenological constraints come from W − W ′ mixing, K L − K S mass differences and related CP violation parameters. On the platform of our EWCL, we can explore these constraints in detail, transferring them to the constraints on parameters of our EWCL and CKM matrix elements for right hand fermions. We will find that some of these constraints such as mixings among different particles are universal, while others are model class dependent. It should be emphasized that our EWCL will only cover those underlying models which include massive W ′± , Z ′ and neutral Higgs as lowest new particles beyond those already discovered particles. For those models which include new particle with mass lighter than W ′ or new particle combining with discovered particle together forms an irreducible representation of SU(2) group [3] , our EWCL do not cover the corresponding physics. We argue for this alternative situation, a separate EWCL can be built to describe it and this situation will be investigated elsewhere.
Within the range of our EWCL, a special type of models are left-right symmetric models [1, 2] which explore the possibility of spontaneous parity violation. The EWCL for this kind models is built up by some of us in Ref. [26] for the bosonic part and Ref. [27] for the matter part. Since we are interested in the general description for W ′ and Z ′ physics, it is purpose of this paper to generalize the discussion in Ref. [26, 27] to quarks are given in Sec.IV. We build up effective Hamiltonian for ming of neutral K and B systems in Sec.V. In Sec.VI, we discuss the constraints on our EWCL for LR and LP models from mass differences in
s systems and indirect CP violation parameter ǫ K . Sec.VI is the summary.
II. EWCL IN GAUGE EIGENSTATES
We first introduce the bosonic part of EWCL which basically is the same as that for leftright symmetric models given in Ref. [26] . Let B µ , W a 1,µ , W a 2,µ be electroweak gauge fields (a = 1, 2, 3) and two by two unitary unimodular matrices U 1 and U 2 be corresponding goldstone boson fields, h be neutral Higgs field which is singlet of SU(2) 1 ⊗ SU(2) 2 ⊗ U(1) group.
Consider covariant derivatives for goldstone fields
The lowest order of chiral Lagrangian is the Higgs potential L 0 = −V (h) and p 2 order of Lagrangian is
2 )] . p 4 order Lagrangian can be divided into six parts,
L i , i = 1, 2 are terms of p 4 order Lagrangian which involve the gauge bosons of first(second) interaction group SU(2) 1 (SU(2) 2 ) without differential of higgs
lepton doublets q αL,R and l αL,R with generation index α being summed over the quark and lepton flavors. The various models defined by the transformation properties of their fermion contents with respect to the gauge group are summarized in Table I . 
(1, 1,
Since above fermions can belong to different representations for different underlying models, an universal expression to cover all these possible arrangements is needed. To reach this aim, we introduce two goldstone operatorsÛ L andÛ R by defining their arbitrary function
where in the case of "Non-universality generation", α 1 denote the specified generation (typically first two generations) which acts as doublet of SU(2) 1 and singlet of SU(2) 2 ; α 2 denote the remaining generation which acts as doublet of SU(2) 2 and singlet of SU (2) 1 .
With help of above representations, we now can write down the universal dimension three Yukawa type interactions. For lepton part,
where h αβ L,R are hermitian functions of Higgs field h. l c = Cl T is charge conjugate field of l with C being the charge conjugation matrix. Symbol " I " indicates that they are gauge eigenstates. For quark part,
where τ u = 
in which
In (10), coefficients δ and δ l in general depend on generation indices which was not considered in original LR case in
Ref. [27] .
III. EWCL IN MASS EIGENSTATES
EWCL presented in last section is on the basis of gauge eigenstates. In this section, we diagonalize them to the basis of mass eigenstates. We will find that this diagonalization is universal for either boson sector or fermion sectors.
We first discuss boson sector. This part is the same as that in LR case [26] , so we just list down the result. With convention
, the mass terms in our bosonic part EWCL is
The charged and neutral gauge bosons are diagonalized through rotations
with mixing parameters given by
and
(
The results of gauge boson masses become
For the gauge boson part, the most stringent constraint comes from W − W ′ mixing which is characterized by the mixing angle ζ. Fortunately (14) tells us that this angle depends on two independent parameters x ≡
and κ. While (15) indicates that the ratio of W and W ′ mass depends also on these two parameters, we just have two parameters x and κ to describe two physical quantities ζ and M W /M W ′ at this stage of effective Lagrangian.
We can tune this two parameters making the mixing angle ζ be small enough to match experiment data and at the same time keeping the W ′ mass be in arbitrary values. This result implies the importance of parameter κ. Since (14) tells that to make mixing angle small, one can either take very small κ or small x. While from (15) , small x will cause very big mass difference between W and W ′ . In order to avoid this big mass difference between W and W ′ , the only way is to have small κ. In any of candidate models, only those with very small κ value are phenomenologically allowed.
Next, we discuss fermion sector which includes lepton and quark parts. For lepton part, in unitary gauge, (8) become
βR + e −I αR (y †αβ − y †αβ
For electron part, rotating the gauge eigenstates into the mass eigenstates with unitary
L,R , we can reduce (17) to
with diagonal mass matrix M 
where
is left-handed neutrino gauge eigenstates and ν
is right-handed neutrino gauge eigenstates. The overall 6 × 6 neutrino mass matrix
 is symmetric and can be diagonalized by a unitary transformation,
the light and heavy neutrino masses, respectively. V is the 3 × 3 Maki-Nakagawa-Sakata (MNS) neutrino mixing matrix [32] responsible for neutrino oscillations, and R, S, U are all 3 × 3 matrices. After this diagonalization, one may express the neutrino gauge eigenstates ν I α (for α = e, µ, τ ) in terms of the light and heavy neutrino mass states ν α and N α :
Unitarity of 6 × 6 rotation matrix leads to V V † + RR † = I, which implies that the MNS matrix V is not unitary and the matrix R characterize this non-unitarity of V . By testing the non-unitarity of V matrix, we can examine heavy neutrino effects at low energy region [33] . In the case that h R ≫ h L , y + y 3 , we can diagonalize the mass matrix approximately
which will lead to
If h L = 0, (23) leads to the standard type I seesaw mechanism, otherwise we obtain type II seesaw mechanism for neutrinos.
For quark part, (9) in unitary gauge is L Y,quark
Unitary gauge
We can explicitly expand coefficients y 
where y 0 i , y 1 i are matrices independent of Higgs field h. The gauge eigenstates can be rotated into the mass eigenstates with unitary matrices
The y 0 u,d matrices defined in (25) are diagonalized as follows:
diag represent the diagonal up-and down-quark mass matrices of physical quark masses.
The usual Cabibbo-Kobayashi-Maskawa (CKM) matrix in the left sector, and the corresponding matrix in the right sector, are given by
Note that, a priori, there is no reason for
Any n × n unitary matrix has n 2 real parameters among which n(n − 1)/2 may be expressed in the form of sin θ αβ , cos θ αβ with n 2 − n(n − 1)/2 = n(n + 1)/2 phases left.
Since each quark field can be redefined through a phase transformation, 2n − 1 phases are
are independent, the total number of physical phases is 2 × n(n+1) 2 − (2n − 1) = n 2 − n + 1. In our case of 3 generations of fermions, V CKM L can be taken as the standard form [34] , 
Then the most general V CKM R may be in the form of standard CKM matrix with 5 phases added:
where . If
in (32) coincides with that in [35] [36] which is called pseudo-manifest left-right symmetric and is originally proposed to construct left-right symmetric models with spontaneously CP violation.
IV. GOLDSTONE, HIGGS AND GAUGE COUPLINGS TO QUARKS
The discussions in last section are limited in unitary gauge without the Goldstone contributions and Higgs contributions included. As a compensation and preparation of next section computation, we now focus our attention on quark-Goldstone-boson and quark-Higgs couplings. We will find that, unlike the mixing terms dealt above, these coupling are no longer universal. We explicitly expanded out Goldstone fields by
in which we have taken ζ = 0. In terms of the masses eigenstates, Lagrangian (9) can be expanded according to the goldstone and Higgs fields,
where the charged Yukawa coupling L Y,CC in Lagrangian (35) is
with
To cover various models, we use symbol
φ R to represent Goldstone fields and corresponding couplings. Their relations with Goldstone fields φ 1 , φ 2 and corresponding couplings are
The quark-Higgs-boson couplings
Note that for neutral goldstones, there is no flavorchanging qφq coupling. For charged goldstone bosons, the non-diagonal CKM matrices and nontrivial mass difference of quarks will yields flavor-changing couplings. If y 
where a ′ = 1, 2. The above anomalous gauge couplings ∆'s can be expressed by δ's introduced in (10) and the detailed results are given in Appendix A. In terms of mass eigenstates for gauge bosons, (42) become
with charge current part L CC
neutral current part L NC
Further in terms of fermion mass eigenstates, L NC and L EM keep their present form, but we must replace original summation over generation indices
It is easy to see that if ∆ i,α is universal in generation, i.e. it is independent of index α, then ∆ ′ i,αβ = ∆ i,α δ αβ which leads L NC and L EM unchanged. In order to suppress the possible flavor changing neutral and electro-magnetic currents, either non-universal effect of ∆ i,α appeared in L NC and L EM is small or there is some cancelations among different terms in (45).
The charge current Lagrangian for quarks in mass eigenstates is changed to
If ∆ i,α is universal in generation index, then rotation matrices appeared in above formulae will meet together constituting CKM matrices.
If we only focus on gauge couplings to light gauge boson A, W, Z, above ∆'s cause a serious anomalous couplings. In Ref.
[27], we parameterized these anomalous couplings in terms of ten coefficients in the case that ∆ i,α is universal in generation index, for which two are in charged current, four in neutral current and four in electro-magnetic current. The fact that SM is consistent with experiment to very high precision implies these ten anomalous couplings must be very small in values.
V. EFFECTIVE HAMILTONIAN FOR NEUTRAL K AND B SYSTEM
Once there exists W ′ boson, there may be low energy phenomenological constraints from Hamiltonian which is composed of four parts:
The effective Hamilton H eff is model dependent. We take the K 0 −K 0 system in LR and LP models as an example, other models and B 0 −B 0 system can be given in the similar way. The W W box diagram for K 0 −K 0 system is plotted in Fig.1 
eff is the part of effective Hamiltonian arises from the flavor changing Yukawa coupling via neutral Higgs exchange at tree level.
The corresponding Feynman diagrams is plot in Fig.2 
. (50) The amplitude of the diagram mediated by X + − φ − n , X = W, W ′ , n = 1, 2 is:
The amplitude of the diagram mediated by φ Since the mixing angle ζ is expected to be small, for simplicity in the following we take ζ = 0.
For LR and LP models, we can ignore the generation index α dependence in all ∆'s appeared in (47), then the rotation matrices V u and V d † can meet together forming CKM matrices. We introduce CKM factors λ
q system, etc. By taking m u = 0 and using the relation λ u + λ c + λ t = 0, ignoring the higher order of ∆ 2,2 , ∆ 1,2 (we have dropped out their generation indices) and accurate to the order linear in
where q = d, s and
The next-to-leading-order QCD shortdistance corrections are η cc = 1.38 ± 0.20, η ct = 0.47 ± 0.04, η tt = 0.57 ± 0.01 [37] [38], η B d = 0.551, η Bs = 0.837 [39] . The QCD corrections are η The matrix elements are given by
The decay constant for neutral K meson is given by f K /f π = 1.198 ± 0.003 [42, 43] with
GeV [34] and the bag parameter is B K = 0.79 ± 0.04 ± 0.09 [44] . For [39] and f Bs √ B Bs = 0.221GeV [45] . The bag parameter from QCD sum rule gives B S Bq /B Bq = 1.2 ± 0.2 [35] . For NU models, we must consider the generation dependence α in all ∆'s appeared in (47). To simplify the expressions, we denote the CKM factors as
, and
etc. Ignoring the higher order of ∆ 2,1,α and ∆ 2,2,α , After tedious calculations, we get the effective Hamilton for K 0 −K 0 system in NU models as follows:
The effective Hamilton for B 0 −B 0 system can be obtained through the same procedure.
VI. CONSTRAINTS FROM NEUTRAL K AND B SYSTEM FOR LR AND LP

MODELS
In this section, we will concentrate on the constraints on our EWCL from mass differences 
and the indirect CP violation in K mesons can be expressed as
where ξ 0 is the weak phase of K → ππ decay amplitude with isospin zero. The pure W contribution to mass differences in as horizontal coordinate in Fig.3 . In numerical calculation, the input parameters are taken from particle data group [34] except those explicitly labeled. 
We find that for ∆m K , |ǫ K |, ∆m B d and ∆m Bs , SM theoretical results (∆ 1,1 = 1) match
to experiment values with error 33%, 18%, 6% and 23% respectively. These errors are expected from uncertainty of matrix elements and long distance contributions [46] . New physics contributions must hide in these errors.
Up to the order liner in β, W ′ contribution to mass differences in 
According to types of inner quark lines in the box diagrams, W ′ contributions to ∆m K in (76) can be decomposed into tt, cc and ct quark loop contributions,
in which the CKM matrices are
In Fig.4 , we plot
separately, From Fig.4 , we find that • Small ∆ 2,1 : Take very small ∆ 2,1 . This is the situation pointed out in our previous work [27] . Although realization of this situation in detail model is still lacking.
• Specific V CKM R : Choose special right hand CKM matrix elements to make f LR (K) in (60) small. Numerically
Similar to K L − K S mass difference, we can also decompose indirect CP violation param- In Fig.5 , we plot From Fig.5 , we find that
is of order 10 −3 and 
The relation (81) and (83) offer constraints for right hand CKM matrix elements, as long as they really take the role of suppressing contribution from W ′ boson. If constraints (81) and (83) can not be satisfied, we must adjust M W ′ , g 2 and ∆ 2,1 to suppress contribution of W ′ . To quantitatively estimate constraints for M W ′ , g 2 and ∆ 2,1 , we take a special pseudomanifest left-right symmetric situation as an example. In this situation,V
which implies the relations φ αβ = −φ αβ between phases defined in (80). Then CKM factors appeared in (79) and (82) can be simplified as
Notice that constraint from |ǫ K | demands imaginary part of above CKM matrix elements must at least two order of magnitude smaller than their real part, this leads us to take following choice of phase angle
Then the imaginary part of all CKM matrix elements in (84) will vanish and the cc, tt and ct loops do not contribute to |ǫ K | W W ′ separately. This special choice of phase angle is originally proposed in Ref. [36] which directly leads to
The values of CKM matrix factors in (84) now can be worked out in terms of left hand CKM matrix in [34] ,
Now, except an overall factor ∆ 2 2,1
depends on two other parameters, ∆ 1,1 and cos(α 2 − α 3 + β 2 ). Considering that anomalous coupling ∆ 1,1 can not deviate from 1 very much, in Fig.6 , we plot
as function of cos(α 2 − α 3 + β 2 ) with anomalous coupling ∆ 1,1 = 1. From Fig.6 , we find if ∆ 2,1 ∼ 1 and g 2 ∼ g 1 , then to make 
as function of cos(α 2 − α 3 + β 2 ) with anomalous coupling ∆ 1,1 = 1. cos(α 2 −α 3 +β 2 )
Hamiltonian as,
In Fig.7 , we can take either large M W ′ ; or small g 2 ; or small ∆ 2,1 ; or specific In Fig.8 
Now we come to Higgs contribution to H eff . This part is universal and from vertices given by (40) , the amplitude of the diagram mediated by neutral Higgsh is
and Higgs contribution to H eff is related to the amplitude by Hh eff = 
